Background: Chalcone, an important intermediate of flavonoid synthetic pathway, has been shown to exhibit diverse biological and pharmacological activities such as anti-cancer, antioxidant, anti-inflammatory, etc. Results: In this study, a novel series of chalcones fatty acid esters 5b-e and 6b-e have been synthesized via the reaction of the respective chalcones with either palmitic or stearic acid. Another related class of compounds comprising 2,3-disubstituted chalcones 7b-d and 8b(b')-d as well as 2-amino-6-(substituted-phenyl)-4-substitutedphenyl-nicotinonitrile derivatives 9a,c,e have been also prepared by both electrophilic and Michael addition reactions, respectively, with the corresponding chalcones. The structures of all compounds are confirmed via a wide range of spectroscopic techniques including IR,
Background
Naturally occurring chalcones as well as their synthetic analogues have been shown to exhibit interesting and diverse biological and pharmacological activities, including anticancer, antioxidant, anti-inflammatory, antimicrobial, and immunosupportive potential [1] [2] [3] [4] . They are absorbed in the daily diet and appear to be promising cancer chemopreventive agents. Generally, chalcones are synthesized by condensation reaction of aryl ketones and aromatic aldehydes, in the presence of suitable condensing agents.
Of particular relevance to the present work is the fact that the antioxidant properties of chalcones are highly influenced by the structure of the two aryl moieties in the backbone, i.e. the substitution on two aryl rings of chalcone molecule and their substitution patterns. In this context, hydroxyl substituent is proven to be one of the key groups that greatly enhance the antioxidant activity of chalcone as a result of its facile conversion to the corresponding phenoxy radicals through the hydrogen atom transfer mechanism [5] .
In view of these findings, Torres de Pinedo et al. [6] [7] [8] have investigated the antioxidant activity of several phenolic derivatives and found that both dihydrocaffeoyl alcohol (3-(3,4-dihydroxyphenyl)-1-propanol) and galloyl alcohol (3,4,5-trihydroxybenzylic alcohol) are stronger antioxidants than hydroxyl tyrosol in their action as radical-scavengers and for protecting oil matrix against rancidity.
Owing to the strong demand for new antioxidant agents, it becomes very critical to explore novel scaffold for the design and synthesis of new antioxidant agents in order to help in the battle against pathogenic microorganisms. Therefore, in this context, we describe facile approaches and procedures that enable the synthesis of some new chalcone fatty acid esters, incorporating fatty acid moiety directly attached to one of the phenolic positions. Furthermore, in order to understand the structural feature that makes a compound an effective lipophilic antioxidant, we have measured the radical-scavenging capacity of chalcone fatty acid esters having various acylation positions in the phenol ring along with the length and the nature of the fatty acid connected to the phenol ring. Finally, to gain more knowledge about the role of the double bond and the carbonyl group in the antioxidant activity, various addition and condensation reactions of the desired chalcones have been explored. Importantly, the antioxidant test used in this study evaluates the capacity of the synthesized compounds against scavenger 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical species. DPPH is a stable radical that presents an absorption maximum at 516 nm [9] [10] [11] .
Results and discussion
Herein, we report the synthesis of novel series of fatty acid chalcone esters (5b-e) and (6b-e) by esterification reactions of some chalcone derivatives with fatty acids.
Then, we prepared the chalcone precursors (3a-e) by the application of Claisen Schmidt condensation on selected acetophenones (1a-c) and benzaldehydes (2a-d) according to literature methods (Scheme 1) [5, 11, 12] . Details of the procedures and conditions are illustrated in experimental section.
The synthesis of the desired fatty acid chalcone esters was then undertaken by esterification reaction of these freshly prepared chalcone derivatives with stearic or palmitic chlorides. The stearoyl/palmitoyl chlorides were prepared from stearic/palmitic acid and thionyl chloride (SOCl 2 ) according to the literature procedures described in reference [11] . The stearoyl/palmitoyl chlorides were then reacted dropwise with the corresponding chalcones (3b-e) in pyridine, in the presence of dimethyl-aminopyridine (DMAP) as a base [7, 13, 14] to give the desired (E)-3-(3-(substituted phenyl)acryloyl)phenyl/(E)-3-(3-(substituted phenyl)-3-oxoprop-1-en-1-yl)phenyl palmitate (5b-e) (E)-3-(3-(substituted phenyl)acryloyl)phenyl/(E)-3-(3-(substituted phenyl)-3-oxoprop-1-en-1-yl)phenyl stearate (6b-e) compounds, respectively, in very good yields, as illustrated in Scheme 2.
The structures of compounds (5b-e) and (6b-e) were verified by a combination of IR, and 1 H and 13 C NMR spectroscopy.
The synthesis of the corresponding 2,3-dibromo chalcones (7b-d) was achieved by electrophilic addition reaction of the initially prepared chalcones (3a-c) and bromine in chloroform (Scheme 3). Similarly, the chemical structure of the produced compounds (7b-d) was identified and confirmed in view of their IR and NMR data.
Disubstitued chalcone derivatives comprising either piperidine or morpholine, namely 2,
were also successfully prepared by the nucleophilic substitution reaction of 2,3-dibromo chalcones (7b-d) by either piperidine or morpholine in absolute ethanol.
The desired products were isolated and purified by column chromatography. The synthetic procedures and reaction conditions for 2,3-di(morpholin/piperidin-1-yl)-substituted-1,3-diphenyl-propan-1-one 5a-c are illustrated in Scheme 3. The spectral data (IR, 1 H and 13 C NMR) were used to identify the structure of these compounds.
Different synthetic approach has been used for the synthesis of the nicotinonitrile derivatives. In this regard, the synthesis of 2-amino-6-(substituted-phenyl)-4-substitutedphenyl nicotinonitrile (9a,c,e) was achieved by Michael addition reaction of selected chalcones 3a,c,e with malonitrile in ethanol and in the presence of ammonium acetate (Scheme 4) [15] . The structures of these products were confirmed by their spectral data.
We note that all chalcones synthesis in this work are used in all reactions but for some of them no result was found. For example, 3a give no reaction with fatty acid and 3a and 3e cannot react with bromine. These is can attribute to the effect of different substituents present in chalcone derivatives.
In this part, all the synthesized compounds were assessed for their antioxidant reactivity by monitoring Scheme 2 Preparation of compounds (5b-e) and (6b-e).
spectrophotometirically the ability of the compounds to reduce 2,2-diphenylpicrylhydrazyl (DPPH), a commonly used radical scavenger. A comparative assessment of these activities is shown in Table 1 . The data ( Table 1 ) clearly indicate that compounds having a meta ester group on B ring and/or para electron-withdrawing substituent as nitro group on A ring, as proposed for compounds (5d-e and 6d-e), gave very good activity. In particular, compounds 5e and 6e showed the strongest inhibition mainly at C = 2 μg/ml as illustrated in Figure 1 . Importantly, the level of activity of these compounds is very close from the level of ascorbic acid particularly at low concentrations. The deceasing of the activities at higher concentrations could arise from the stearic bulk imparted by the long chain of the alkyl groups and by the large size of the DPPH.
In contrast, compounds (5b and 6b), with a meta electron-withdrawing ester group on A, and meta donating methoxy group on B ring displayed moderate inhibition, but markedly less than ascorbic acid as shown in Figure 2 . This behavior, however, is consistent with that reported by Murti et al. [9] on the synthesis and antioxidant activity of some chalcones and flavanoids.
Another important factor that affects the antioxidant activity of a compound is the nature of the fatty acid moiety. As can be seen in Figures 1 and 2 , the presence of stearate ester attached to either ring A or B in the most commonly (excepted 5c at C = 2 μg/ml) synthesized chalcone derivatives has increased the antioxidant activity more than those containing palmitate ester. These results suggest that the substitution pattern of the hydroxyl group attached to ring A or B in the original chalcones may be crucial in enhancing their antioxidant reactivity [7, 8, 10] . In order to test the influence of double bond as well on the antioxidant activity of chalcone, we assessed the compounds obtained via addition reaction on these double bonds, i.e., compounds 7b-d and 8b(b')-d. Previous work has highlighted that electrophilic addition reaction in chalcone derivatives, having different substituents, can cause the antioxidant activity of these derivatives to decrease. Consistent with this finding, we noted that addition of bromine to chalcone compound 3c in order to form compound 7c has decreased its activity from 43.67% to 6.44% particularly, when the concentration (C) is 2 μg/ml. Interestingly, replacing the bromine by the piperidine as is the case in compound 8c has resulted in marked increase in the antioxidant activity, leading to a maximum inhibition of 34.82% at C = 2 μg/ml. On the basis of the overall results, it can be concluded that the presence of double bond in chalcone structure is also important to improve the antioxidant activity [14, 15] .
Simliarly, we found that the presence of pyridine ring, cyano group and amino group in 2-amino-6-(substitutedphenyl)-4-substituted phenyl nicotinonitrile (compound 9c) caused the inhibition to decrease dramatically compared to the parent chalcone 3e i.e., from 43.67% to 12.06% [13, [16] [17] [18] .
Figures 3 and 4 summarize the net effect of the above mentioned modifications of the chalcone derivatives on the free radical scavenging activity of DPPH. As can be seen in Figure 3 , for instance, the parent chalcone 3b, has scavenging activity at C = 10 μg/ml about 86.94%. Addition of bromine to its double bond has caused its antioxidant activity to decrease to 2.82%, whereas the substitution by morpholine or piperidine resulted in an increase to 32.72% and 50.25%, respectively. On the other hand, the substitution of hydroxyl group by fatty acid in ring A or ring B had less effect on the antioxidant activity (47.02% and 55.42% respectively).
As for chalcone compound 3e, the substitution of its hydroxyl group by the fatty acid to yield compound 5e has increased its antioxidant activity, particularly at C = 2 μg/ml from 25.26% to 68.58%, a value that is higher than that of ascorbic acid. In the case of compound 6e, an activity value (62.71%) close to that of ascorbic acid was obtained. However, upon condensation with malonitrile, (compound 9e) this value has dramatically decreased to 21.9% as shown in Figure 4 . The overall outcome of the antioxidant activity of this novel series of chalcone-based fatty acid esters revealed some new very active compounds that surpass the commonly used antioxidant such as ascorbic acid. Furthermore, this carefully probed structurerelated activity studies added new insights and rationale to understand the role and contribution of different functional groups associated with chalcone.
Conclusions
In this work, we have successfully synthesized a novel series of compounds comprising chalcone fatty acid esters, 2,3-disubstituted chalcones, and 2-amino-6-(substituted- Figure 4 The effect of different reaction in the antioxidant activity. phenyl)-4-substituted phenyl nicotinonitrile. The former class of compounds was prepared by esterification reactions of chalcones with fatty acid chlorides (streatoyl or palmitoyl) whilst the disubstitued analogues have been synthesized via electrophilic addition and Michael addition. The compounds were purified by recrystallization or column chromatography using appropriate solvent. The synthetic yields of the generated products ranged from 40 to 90% and their structures were established by spectral data (IR, NMR, MS). Finally, all of synthesized compound have been tested for their antioxidant activities using DPPH method. Good activity was noted for chalcone fatty acid esters, with some members recorded higher antioxidant activity than ascorbic acid.
Experimental section General
All chemicals used for the synthesis of the desired compounds were obtained from Merck and SD Fine chemicals. Melting points were determined using an electrothermal's IA9000 series digital capillary melting point apparatus and used without correction. IR spectra were obtained, as KBr discs, a 1000-Perkin Elmer FT-IR spectrophotometer. Spectroscopic data were recorded as follows: 1 H and 13 C NMR spectra were acquired on a JEOL ECP-600 NMR in CDCl 3 (or DMSO d6 ) using TMS as an internal standard. Chemical shifts are given in δ ppm. Mass spectra were collected using a direct inlet system (70 eV) with a VL detector (ES, 4000 V).
General procedure for the synthesis of 1,3-diphenylpropenone derivatives 3a-e:
A mixture of NaOH (22 g, 0.55 mol), acetophenone derivatives 1a-c (0.43 mol), benzaldehyde derivatives 2a-d (0.43 mol) was stirred at 25°C for 2-3 hours and left in the refrigerator overnight. The precipitated solid was then filtred off, washed with water and ethanol, dried, and crystallized from ethanol to yield yellow crystals.
Synthesis of (E)-3-(3-(substitutedphenyl)acryloyl)phenyl or (E)-3-(3-(substitutedphenyl)-3-oxoprop-1-en-1-yl)phenyl palmitate stearate (5b-e) and (E)-3-(3-(substitutedphenyl) acryloyl)phenyl or (E)-3-(3-(substitutedphenyl)-3-oxoprop-1-en-1-yl)phenyl stearate (6b-e)
To a suspension of fatty acid 4a-b (0.08 mmol) in anhydrous CH 2 Cl 2 , the thionyl chloride (2.68 mmol) (0.12 ml) was added at 25°C under argon atmosphere and the mixture was stirred for 1 hour. One equivalent of the corresponding chalcone and DMAP in pyridine were then added and the mixture was stirred for 1 minute. The organic phase was extracted with water and diethyl ether, dried with sodium carbonate (Na 2 SO 4 ), concentrated to dryness and purified by column chromatography (hexane-ethyl acetate (9:1) to give 5b-e and 6b-e. 
(E)-3-(3-(3,5-dimethoxyphenyl)acryloyl)phenyl palmitate (5b)

Synthesis of 2,3-
A mixture of 2,3-dibromo-1,3-diphenyl-propan-1-one derivatives 7a-c (0.01 mol) and morpholine or pepiridine (0.01 mol) in ethanol (10 ml) was heated in oil-bath for 5 h. After cooling, 50 ml of water was added and the organic phase was extracted, then washed with 10% of hydrochloric acid (HCl) (3 × 50 ml), dried with sodium carbonate (Na 2 SO 4 ) and concentrated to dryness. The isolated solid was then purified by column chromatography on silica gel using ethyl acetate/hexane (3:7) as eluent to give 2,3-disubstituted-1,3-diphenyl-propan-1-one derivatives 8a-d as yellow powders. A mixture of chalcones 3a, c and f (10 mmol), malononitrile (10 mmol) and ammonium acetate (80 mmol) in ethanol (50 ml) was heated under reflux for 5 h. The solid product was filtered off, washed with ethanol, dried and recrystallized from ethanol to yield 2-amino-4,6-diphenylnicotinonitrile derivatives 9a-c. 
